An 8-15S RNA fraction from calf parathyroid glands stimulated the incorporation of radioactive lysine and methionine into protein by 15-to 30-fold in a wheat germ extract. The major product, representing 25% of the total protein synthesized, could be bound to an antiserum to parathyroid hormone and binding was inhibited by parathyroid hormone. The chromatographic mobilities of the two tryptic peptides of the cell-free product that contained methionine were identical to the corresponding peptides of parathyroid hormone. Upon electrophoresis in acidic or sodium dodecyl sulfate-acrylamide gels, the cell-free product migrated Parathyroid hormone (PTH) is initially synthesized as a precursor, proparathyroid hormone (ProPTH) (1, 5, 6) . In studies in intact cells, it is not possible to demonstrate that ProPTH is the initial, direct product of the translation of messenger RNA for PTH. To determine whether the parathyroid messenger RNA might contain more information than is represented in the structure of ProPTH, we have begun studies to isolate the messenger RNA for PTH and to translate it in a heterologous cell-free system. We now Abbreviations: PTH, parathyroid hormone; ProPTH, proparathyroid hormone; pre-ProPTH, pre-proparathyroid hormone; TMV, tobacco mosaic virus; TSSE buffer, 0.01 TM Tris HCl, pH 7.4, 0.5% sodium dodecyl sulfate, 0.1 MI NaCl and 1 m1M ethylenediaminetetraacetate.
The information encoded in messenger RNA and translated into protein is not always a part of the ultimate structure of the protein product. This is a common phenomenon in the biosynthesis of eukaryotic proteins destined for secretion; for example, precursors have been described for polypeptide hormones, collagen, proteolytic enzymes (see ref. 1 for references) and immunoglobulins (2) . The precursors are converted to their respective proteins by post-translational cleavage. The functions of the precursors are not always clear, although it has been suggested that they may facilitate the intracellular transport of the protein (3) or facilitate the folding of the protein into the proper conformation (4) . In some cases the precursor is biologically inactive, and conversion of the precursor to its final form may regulate the production of the active species.
Parathyroid hormone (PTH) is initially synthesized as a precursor, proparathyroid hormone (ProPTH) (1, 5, 6) . In studies in intact cells, it is not possible to demonstrate that ProPTH is the initial, direct product of the translation of messenger RNA for PTH. To determine whether the parathyroid messenger RNA might contain more information than is represented in the structure of ProPTH, we have begun studies to isolate the messenger RNA for PTH and to translate it in a heterologous cell-free system. We now Abbreviations: PTH, parathyroid hormone; ProPTH, proparathyroid hormone; pre-ProPTH, pre-proparathyroid hormone; TMV, tobacco mosaic virus; TSSE buffer, 0.01 TM Tris HCl, pH 7.4, 0.5% sodium dodecyl sulfate, 0.1 MI NaCl and 1 m1M ethylenediaminetetraacetate.
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report that RNA isolated from parathyroid glands can be translated in cell-free extracts of wheat germ and that the major product synthesized is slightly larger than ProPTH. The results indicate that the product, termed pre-ProPTH, may be a precursor to ProPTH.
METHODS
Isolation of RNA. Calf parathyroid glands, obtained from a local abattoir at the time of slaughter, were immediately placed ini cold Earle's balanced salt solution and used within 2 hr. Approximately 1 g (wet weight) of glands was minced and homogenized with a motor-driven Teflon-glass homogenizer at 00 in 5 ml of 0.25 M sucrose, 0.01 M Tris-HCl, pH 7.4 (25°), containing 100 ,g/ml of heparin. The homogenate was centrifuged at 1000 X g for 5 min. The supernatant was adjusted to 1.0% sodium dodecyl sulfate (Na DodSO4) and 0.04 M Na ethylenediaminetetraacetate (EDTA), pH 7.4 , and deproteinized by shaking three times with two volumes of phenol-chloroform-isoamyl alcohol (1: 1: 0.04) and finally three times with chloroform-isoamyl alcohol (1:0.04) (7).
The final chloroform phase was re-extracted with 5 ml of 0.01 M Tris * HCl, pH 7.4,0.5% Na DodSO4, 0.1 M NaCl, and 1 mM EDTA (TSSE buffer). RNA was precipitated overnight at -20°by the addition of 2 volumes of ethanol to the combined aqueous phases. The RNA was dissolved in 0.4 ml of TSSE buffer and was layered over a 5-20% sucrose gradient in TSSE buffer and centrifuged at 29,000 rpm for 15 (Fig. la) . Na DodSO4-acrylamide gel electrophoresis also revealed a single major component that migrated more slowly than either PTH or ProPTH (Fig. lb) . This suggests that the major cell-free product is both larger than Pro-PTH and more negatively charged. The amount of radioactivity in the major cofponent on the Na DodS04-acrylamide gels represents about 25% of the total radioactivity incorporated into protein.
To determine whether the protein in the major peak might have structural components identical to PTH, the total reaction mixture was incubated with antiserum to PTH and the protein bound by the antiserum was precipitated and analyzed on Na DodSO4-acrylamide gels (Fig. 2) Fig. 1 , for example, this second fraction was not observed). The translation products of TMV RNA in the wheat germ system also contain some peptides smaller than expected (8, 10) . These observations may be related to in vitro premature chain termination, as observed in extracts of Krebs II ascites cells (11, 12) . PTU contains two methionines, one in the amino-terminal tryptic peptide and the other in the tryptic peptide penultimate from the amino terminus (13, 14) . The major product of the wheat germ extract also contained two methionine-contaming tryptic peptides that had mobilities and stoichiometries identical to those of PTH when analyzed by paper chromatography (Fig. 3) . This demonstrates that at least a portion of the cell-free product is similar to PTH. The fact that the cell-free product appears to be larger than ProPTH on Na DodS04-acrylamide gels indicates that it has additional amino acids. Three possible structures of this protein are illustrated at the top of Fig. 4 . The extra amino acids could be present at the amino terminus (A) or at the carboxyl terminus (B and C). The additional hexapeptide at the amino terminus of ProPTE (15) (16) (17) could be removed by tryptic activity in the wheat germ extract, resulting in a cell-free product as in C. We have incubated ProPTH in wheat germ extracts for 3 hr under conditions normally used for protein synthesis and no conversion to PTH was observed. Thus, structure C is unlikely. Cyanogen bromide cleaves at the carboxyl side of the two methionines at positions 8 and 18 of PTH and produces two small peptides from the amino terminal end and one large peptide at the carboxyl end (Fig. 4) . Since the cell-free product from the wheat germ extract does not contain any additional methionine residues (Fig. 3) , cleavage of this protein will yield a large carboxyl terminal peptide identical to those of PTH and ProPTH if-structure A in Fig. 4 is correct. If structure B or C is correct, the carboxyl terminal peptide of the cell-free product should migrate differently from those (Fig. 4a and b ). After treatment with cyanogen bromide the large carboxyl terminal peptide of the wheat germ product has a mobility identical to those of the corresponding peptides of PTH and ProPTH ( Fig. 4c and d) . This indicates that the cell-free product contains additional amino acids at the amino terminus when compared to Pro-PTH. Although the small amino terminal peptides of the cellfree product and ProPTH (Fig. 4d) (18) . The contention that pre-ProPTH is not an artifactual translation product of the wheat germ cell-free system is also supported by the fact that a number of messenger RNAs coding for viral and eukaryotic proteins are faithfully translated in this system (8, 10, 19, 20) . Thus, there is no compelling evidence, at present, to suggest that pre-ProPTH is not the direct product (minus the initiator methionine) of the translation of PTH messenger RNA.
We could not detect pre-ProPTH in intact cells after a short 2-min incubation (unpublished observations). A number of studies on the biosynthesis of PTH in bovine parathyroid slices have demonstrated the existence of a precursor to PTH that was designated ProPTH (or calcemic factor A) (5, 6, 21, 22) . Pre-ProPTH is clearly different from this precursor and was not detected during short or long incubations with radioactive amino acids in several different media in these studies. Thus, pre-ProPTH may be converted rapidly to ProPTH in vivo, perhaps even before the completion of the synthesis of the carboxyl terminus. It seems possible that under unusual circumstances pre-ProPTH may not be cleaved and may accumulate in the cell or even be secreted. Several large proteins, immunoreactive to PTH antisera, have been found in hyperplastic parathyroid tissue (23) and in blood of patients with ectopic hyperparathyroidism (24) . Pre-ProPTH may correspond to one of the immunoreactive species noted in these studies.
The properties of pre-ProPTH are similar to those of a precursor that has been described for the light chain of myeloma proteins (2) . Both proteins are apparently cleaved rapidly and are not normally observed in the intact cell. PreProPTH may function, as has been suggested for the premyeloma light chain, to facilitate the transport of the protein through the membrane or to initiate the binding of ribosomes translating new messenger RNA to the endoplasmic reticulum (2) . Pre 
